The age of Jupiter, the largest planet in our Solar System, is still unknown. Gas-giant planet formation likely involved the growth of large solid cores, followed by the accumulation of gas onto these cores. Thus, the gas-giant cores must have formed before dissipation of the solar nebula, which likely occurred within less than 10 My after Solar System formation. Although such rapid accretion of the gas-giant cores has successfully been modeled, until now it has not been possible to date their formation. Here, using molybdenum and tungsten isotope measurements on iron meteorites, we demonstrate that meteorites derive from two genetically distinct nebular reservoirs that coexisted and remained spatially separated between ∼1 My and ∼3-4 My after Solar System formation. The most plausible mechanism for this efficient separation is the formation of Jupiter, opening a gap in the disk and preventing the exchange of material between the two reservoirs. As such, our results indicate that Jupiter's core grew to ∼20 Earth masses within <1 My, followed by a more protracted growth to ∼50 Earth masses until at least ∼3-4 My after Solar System formation. Thus, Jupiter is the oldest planet of the Solar System, and its solid core formed well before the solar nebula gas dissipated, consistent with the core accretion model for giant planet formation.
Jupiter | giant planet formation | nucleosynthetic isotope anomalies | Hf-W chronometry | solar nebula T he formation of gas-giant planets such as Jupiter and Saturn is thought to have involved the growth of large solid cores of ∼10-20 Earth masses (M E ), followed by the accumulation of gas onto these cores (1, 2) . Thus, the gas-giant cores must have formed before dissipation of the solar nebula-the gaseous circumstellar disk surrounding the young Sun-which likely occurred between 1 My and 10 My after Solar System formation (3). Although such rapid accretion of the gas-giant cores has successfully been modeled (1, 2, 4) , until now it has not been possible to actually date their formation. Here we show that the growth of Jupiter can be dated using the distinct genetic heritage and formation times of meteorites.
Most meteorites derive from small bodies located in the main asteroid belt between Mars and Jupiter. Originally these bodies probably formed at a much wider range of heliocentric distances, as suggested by the distinct chemical and isotopic compositions of meteorites (5) (6) (7) (8) and by dynamical models indicating that the gravitational influence of the gas giants led to scattering of small bodies into the asteroid belt (9, 10) . Information on the initial formation location of meteorite parent bodies within the solar accretion disk can be obtained from nucleosynthetic isotope anomalies in meteorites. These anomalies arise through the heterogeneous distribution of isotopically anomalous presolar components and vary as a function of heliocentric distance (6, 11) . For instance, Cr, Ti, and Mo isotope anomalies (6) (7) (8) 12 ) reveal a fundamental dichotomy in the genetic heritage of meteorites, distinguishing between "noncarbonaceous" and "carbonaceous" meteorite reservoirs (11) . This distinction may reflect either a temporal change in disk composition or the separation of materials accreted inside [noncarbonaceous (NC) meteorites] and outside [carbonaceous (CC) meteorites] the orbit of Jupiter (11) (12) (13) (14) . If the latter is correct, then the age of Jupiter can be determined by assessing the formation time and longevity of the NC and CC meteorite reservoirs. However, it is currently not known when these two reservoirs formed and whether and for how long they remained isolated from each other.
To address these issues and to ultimately determine the timescale of Jupiter's formation, we obtained W and Mo isotopic data for iron meteorites (Materials and Methods, SI Materials and Methods, Fig. S1 , and Tables S1-S4). These samples are fragments of the metallic cores from some of the earliest-formed planetesimals (15) , making them ideal samples to search for the effects of giant planet formation on the dynamics of the early Solar System. Previous W isotope studies on iron meteorites have focused on the major groups (i.e., IIAB, IID, IIIAB, IVA, and IVB) and on determining the timescales and processes of core formation in these bodies (15) . Here we extend these studies by examining a larger set of iron meteorite groups (i.e., IC, IIC, IID, IIF, IIIE, and IIIF), for which we determined the timing of core formation using the 182 Hf-182 W chronometer (half-life = 8.9 My), as well as nucleosynthetic Mo isotopic signatures, which enables us to link these irons to either the NC or the CC meteorites.
CC and NC Iron Meteorites
The Mo isotopic data reveal variable nucleosynthetic anomalies in iron meteorites (Fig. 1) . Consistent with prior studies (6), we find that these anomalies predominantly reflect the heterogeneous distribution of a presolar carrier enriched in Mo nuclides produced in the slow neutron capture process (s-process) of nucleosynthesis ( Fig. 1) 
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This article is a PNAS Direct Submission. (Fig. 1) . Thus, several iron meteorite groups (IIC, IID, IIF, IIIF, and IVB) belong to the CC meteorites, whereas several other groups (IC, IIAB, IIIAB, IIIE, and IVA) belong to the NC meteorites ( Fig. 1) .
A (Fig. 2, Fig. S2 , and Table S5 (Table S5) , at ∼2.2 My to ∼2.8 My, compared with the NC irons, at ∼0.3 My to ∼1.8 My after the start of Solar System history [as defined by the formation of Ca-Al-rich inclusions (CAI)]. A prior study has shown that e 182 W differences between different groups of iron meteorites could be due to distinct melting temperatures during core formation, reflecting the different S contents and hence liquidus temperatures of the cores (15) . However, the NC and CC reservoirs both include iron meteorite groups with similar volatile element concentrations and, hence, presumably similar S contents. Thus, different melting temperatures of the NC and CC parent bodies cannot be the cause of the observed e 182 W dichotomy. Instead, the difference in core formation times is most easily explained by different accretion times of the CC and NC iron meteorite parent bodies. Thermal modeling of bodies internally heated by 26 Al decay (SI Text) shows that the NC iron meteorite parent bodies probably accreted within <0.4 My after CAI formation, whereas the CC iron meteorite parent bodies accreted slightly later, at 0.9 +0.4 −0.2 My after CAI formation (Fig. 3) . Taken together, the Mo and W isotopic data thus indicate that accretion of CC and NC iron meteorite parent bodies occurred not only in genetically distinct nebular regions, but also at different times (Figs. 2 and 3 ).
Coexistence and Spatial Separation of CC and NC Meteorite Reservoirs
The distinct genetic heritage and accretion times of iron meteorite parent bodies make it possible to constrain the formation time and longevity of the NC and CC nebular reservoirs. Accretion of CC iron meteorite parent bodies at ∼1 My after CAI formation implies that by this time, the NC and CC reservoirs were already separated. The distinction between the NC and CC reservoirs most likely reflects the addition of presolar material enriched in r-process nuclides to the solar nebula region from which the CC meteorites derive (12) . Given that all CC meteorites plot on a single s-process mixing line with a constant offset compared with the NC line ( Fig. 1) , they all have the same r-process excess relative to the NC meteorites. Consequently, this r-process component must have been added to and homogeneously distributed within the CC reservoir before the first CC bodies formed. The 182 W data for the CC irons, therefore, indicate that this addition of material and, hence, the formation of the CC reservoir occurred within ∼1 My of Solar System formation.
A key constraint from our results is that the accretion of ordinary chondrite parent bodies in the NC reservoir (i.e., at ∼2 My) (18) occurred after the accretion of iron meteorite parent bodies in the CC reservoir (at ∼1 My). Thus, the existence of the NC and CC reservoirs cannot simply reflect a compositional change of the solar nebula over time. Instead, the CC and NC nebular reservoirs must have existed contemporaneously and remained spatially separated within the solar circumstellar disk. The timespan over which this separation persisted can be inferred by considering the accretion times of the youngest meteorite parent bodies in each reservoir. This is because in the e 95 Mo-e 94 Mo diagram (Fig. 1) , no meteorites plot between the CC and NC lines, meaning that the NC and CC reservoirs cannot have mixed but instead must have remained isolated from each other until parent body accretion in the NC and CC reservoirs terminated. As accretion of chondrite parent bodies occurred at ∼2 My after CAI formation in the NC reservoir (ordinary chondrites) and until ∼3-4 My in the CC reservoir (CC chondrites) (18) (19) (20) , this means that the NC and CC reservoirs must have remained isolated from each other from <1 My until at least ∼3-4 My after CAI formation. This prolonged spatial separation of the NC and CC reservoirs cannot simply reflect a large distance between these reservoirs within the disk, because the rapid speed of grain drift in the disk would have facilitated efficient mixing on much shorter timescales (21, 22) . One way to avoid the inward drift of material would be the rapid accumulation of these grains into planetesimals. However, this also cannot explain the efficient separation of the NC and CC reservoirs, because in both reservoirs planetesimal accretion occurred concurrently for several million years. Consequently, the precursor dust of planetesimals in both reservoirs must have been present for this period and, therefore, cannot have been locked up in earlier-formed planetesimals.
The most plausible mechanism to efficiently separate two disk reservoirs for an extended period is the accretion of a giant planet in between them, generating a gap within the disk and inhibiting the inward drift of dust grains (13, 23, 24) (Fig. 4) . Being the largest and nearest gas-giant planet, Jupiter is the most likely candidate for separating the NC and CC reservoirs. As the Earth is part of the NC reservoir, this implies that the CC reservoir was initially located outside Jupiter's orbit, meaning that CC bodies originally derive from the outer Solar System. Because the CC meteorites include some iron meteorites, one important implication of our data is that early and rapid formation of differentiated planetesimals was possible not only in the innermost terrestrial planet region (25) , but also farther out in the disk.
The formation of Jupiter between the NC and CC reservoirs not only provides a mechanism for efficiently separating these two reservoirs for an extended period, but also provides a means for the later transport of CC bodies into the inner Solar System. This is necessary because although the NC and CC bodies initially formed in spatially distinct areas of the disk, at the present day they both reside in the main asteroid belt. This is a natural outcome of the growth of Jupiter, which ultimately leads to scattering of bodies from beyond Jupiter's orbit (i.e., CC bodies) into the inner Solar System, either during an inward-then-outward migration of Jupiter (10, 23) or during runaway growth of Jupiter on a fixed orbit (26) . Thus, the presence of Jupiter between the NC and CC reservoirs provides the most plausible mechanism to My after CAI, the NC iron meteorite parent bodies (red solid symbols) accreted in a continuous gas disk characterized by inward drag of solids. At stage 2, around ∼1 My after CAI, iron meteorite parent bodies of the CC reservoir (blue solid symbols) had accreted and Jupiter had already grown to ∼20 M E , preventing any inward drag of solids (24) . At stage 3, from ∼2 My to ∼4 My after CAI, Jupiter grew further through gas accretion onto its core. Moreover, the ordinary chondrite parent bodies (red open symbols) accreted in the NC reservoir and CC chondrite parent bodies (blue open symbols) in the CC reservoir. At stage 4, after ∼3-4 My after CAI, Jupiter had grown to ∼50 M E and had opened a gap in the disk (13, 23, 24) , likely resulting in the inward migration of Jupiter. Solid boxes (Left) show the accretion ages of iron meteorite and chondrite parent bodies in the NC and CC reservoirs (see CC and NC Iron Meteorites). account for both (i) the prolonged spatial separation of these reservoirs and (ii) the co-occurrence of NC and CC bodies in the present-day asteroid belt.
Growth History of Jupiter
With the assumption that the prolonged spatial separation of the NC and CC reservoirs reflects the formation of Jupiter in between these reservoirs, the distinct timescales for the accretion of NC and CC meteorite parent bodies make it possible to date the formation of Jupiter. The growth of Jupiter beyond a certain mass would have inhibited the inward drift of particles (13, 24) , and once it grew further, Jupiter ultimately would have generated a gap within the disk (23). In particular, theoretical studies suggest that the inward drift of particles stopped once Jupiter's core had grown to about 20 M E (24), while a gap formed once Jupiter reached approximately 50 M E (13, 23, 27) . Thus, because the r-process material that was added to the CC reservoir did not infiltrate the coexisting yet spatially separated NC reservoir, this implies that at the time the r-process material was added, Jupiter already had a size of >20 M E . Furthermore, because this material must have been added and homogenized before the first planetesimals formed within the CC reservoir at ∼1 My after CAI formation, these results mandate that Jupiter reached a size of >20 M E within ∼1 My of Solar System formation (Fig. 4) . This early formation of (proto-) Jupiter is consistent with the rapid growth of Jupiter's core predicted in theoretical models (1, 4) , regardless of whether pebble accretion (28, 29) or hierarchical growth models (30, 31) are assumed.
Once Jupiter reached a mass of 50 M E , which happens via gas accretion onto its solid core, a gap opened in the disk (13, 23, 24, 27) , followed by scattering of bodies from beyond Jupiter's orbit (i.e., CC bodies) into the inner Solar System (10, 23, 26) . Our results show that this scattering of CC bodies and, hence, Jupiter's outward migration or runaway growth cannot have started before ∼3-4 My after CAI formation. This is because CC chondrite parent bodies continued to form until at least ∼3-4 My after CAI formation (18) (19) (20) . As these chondrites plot on the CC line in Mo isotope space (Fig. 1) , they must have formed before the scattering of CC meteorites into the inner Solar System and, hence, before the CC meteorite parent bodies joined the NC parent bodies in the asteroid belt. Accordingly, these data indicate that Jupiter reached ∼50 M E later than ∼3-4 My after CAI formation. This is consistent with theoretical predictions that the rapid growth of Jupiter's core to ∼20 M E was followed by a more protracted stage of gas and solid accretion to several tens of Earth's masses (1, 32, 33) before runaway gas accretion led to Jupiter's final mass (∼318 M E ). Thus, our results are in good agreement with the timing and sequence of events predicted in the core accretion model for the formation of Jupiter (1) . One important implication of this result is that, because Jupiter acted as a barrier against inward transport of solids across the disk, the inner Solar System remained relatively mass deficient, possibly explaining its lack of any "super-Earths" (34, 35) .
Materials and Methods
For this study we selected a total of 19 samples covering six different rare iron meteorite groups (IC, IIC, IID, IIF, IIIE, and IIIF). This sample set complements the iron meteorites from major groups (IIAB, IID, IIIAB, IVA, and IVB) whose W, Pt, and Mo isotope compositions had previously been analyzed (6, 15) . After digestion of the iron meteorites in concentrated HNO 3 -HCl (2:1), the sample solutions were split into a fraction for W and Mo (∼90%) and for Pt (∼10%) isotope analysis. The chemical separation of W, Pt, and Mo was accomplished using ion exchange chromatography following previously published procedures (6, 12, 15, 36 
